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The A i r  Transpor ta t ion  Technology Program a t  Ohio Un ive r s i ty ,  supported 
as a Jo in t -Univers i ty  Program e f f o r t  by the Nat iona l  Aeronautics and Space  
Administration and t h e  Federa l  Aviation Administration, dedica ted  t h e  
year  1983 p r i n c i p a l l y  t o  producing a s p e c i f i c  r e sea rch  t o o l ,  v i z ,  a 
f l e x i b l e  Loran-C rece iver .  
rt IL " 8 s  a success fu l  year for t h e  design and t e s t i n g  of t h e  hard- 
ware. During 1983 s e v e r a l  improvements to  t h e  Loran-C re sea rch  r ece ive r  
were made t o  a l low t h i s  device  t o  function more r e l i a b l y  and t o  provide a 
means t o  achieve  f l i g h t  tes t  d a t a  wi th  l e s s  d i f f i c u l t y .  
Many o f  t h e  changes t o  t h e  receiver made i n  1983 w e r e  n a t u r a l  exten- 
s i o n s  of t h e  work completed i n  1982 a t  Ohio Univers i ty .  
involved a complete re-packaging of t h e  receiver. 
t h e  performance and c a p a b i l i t y  of t h i s  Loran-C r e c e i v e r .  
The changes made 
The 1983 changes w e r e  t o  
The a b i l i t y  t o  ope ra t e  t h e  r ece ive r  off of a s i n g l e ,  simple power 
supply  contained i n  t h e  r e c e i v e r  was developed. This pover supply c o n s i s t s  
of two swi tch ing  DC t o  DC conver te rs  that provide + 5 VDC and 2 12VDC from 
an 8 t o  40 VDC input  supply sys t em i n  the vehic le .  The swi tch ing  supp l i e s  
are 75 t o  85% e f f i c i e n t  and t h e r e f o r e  do not  c o n t r i b u t e  s i g n i f i c a n t l y  t o  
power consumption of t h e  r ece ive r .  Addi t iona l ly ,  t h e  complete power supply 
f i t s  i n t o  a double wide s l o t  i n  t h e  rece iver  card-cage. This c a p a b i l i t y  
allows t h e  e n t i r e  r e c e i v e r  t o  be contained i n  a 19.5 inch  rack panel t h a t  
i s  only 5.25 inches  t a l l  and 9.0 inches deep. 
The n e x t  change t o  t h e  receiver t h a t  allowed a computation performance 
Th i s  permi t ted  a decrease  i n  t h e  
I n  t h e  prev ious  t iming  board 
improvement w a s  t h e  new timing board design. 
t i m e  t h a t  t h e  processor  spent  i n  w a i t  loops. 
des ign  t h e  processor had t o  w a i t  f o r  the d i g i t  s t r o b e s  from t h e  master 
t iming c h i p  t o  read each of the  d i g i t s  of t he  Loran-C pulse  t i m e .  This 
wasted as much as 200 microseconds f o r  each Loran-C pulse. This  has been 
changed wi th  t h e  a d d i t i o n  of hardware t o  produce an i n t e r r u p t  t o  t h e  pro- 
ces so r  when t h e  d a t a  from t h e  timing chip is ready f o r  output.  Since 
t h e r e  are 25 i n d i v i d u a l  Loran-C pulses  i n  t h e  c u r r e n t  3 s t a t i o n s  t racked  
and each pu l se  r e q u i r e s  5 d i g i t s  t o  be read, a s i g n i f i c a n t  amount of t i m e  
w a s  wasted with t h e  o l d e r  timing board. The improvement with a 9960 GRI  is 
g r e a t e r  than  25% p e r  GRI .  
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Another hardware improvement involved t h e  a b i l i t y  of t he  Loran-C 
receiver to  t reat  a l l  of the  received Loran-C s t a t i o n s  equa l ly  so t h a t  
determination of the  c o r r e c t  t r a c k  poin t  on the  Loran-C p u l s e  w a s  achieved 
f o r  s t a t i o n s  of d i f f e r i n g  s i g n a l  s t r eng ths .  This  w a s  accomplished wi th  a 
multiplexed sampled AGC system. This would allow increased  accuracy i n  t h e  
determination of the  co r rec t  t r ack ing  poin t  on the  Loran-C pulse. The 
hardware is complete and ready f o r  i n t e g r a t i o n  i n t o  t h e  cu r ren t  Loran-C 
r e c e i v e r  software. 
The most s i g n i f i c a n t  improvement t o  t h e  Loran-C r e c e i v e r  involved t h e  
implementation of Random Navigation c a p a b i l i t y  (RNAV) i n  t h e  O.U. Loran-C 
r e c e i v e r .  This work w a s  completed by Fuj iko  Oguri as her  masters t h e s i s .  
H e r  work is summarized here as a paper submitted by Ohio Univers i ty  t o  
t h e s e  proceedings. E s s e n t i a l l y ,  her work allows a complete implementation 
of the a b i l i t y  t o  naviga te  i n  a random fash ion  t o  any coord ina tes  i n  t h e  
Loran-C coverage volume. The software provides c ross - t rack  e r r o r  on a CDI, 
d i s t a n c e  t o  go t o  the  next waypoint, c ross - t rack  bearing, t r u e  course,  
ground speed and es t imated  t i m e  enroute.  The Loran-C r e c e i v e r  with the  
UNAV software has been f l i g h t  t e s t e d  wi th  e x c e l l e n t  r e s u l t s .  
Of p a r t i c u l a r  s i g n i f i c a n c e  is  the  f a c t  t h a t  M s .  Oguri 's  t h e s i s  has been 
recognized by the  Radio Technical Commission f o r  Aeronautics (UTCA) through 
i t s  W. E. Jackson Award f o r  t h e  outs tanding  t e c h n i c a l  paper submitted i n  
t h e  annual n a t i o n a l  competit ion.  This i s  p a r t i c u l a r l y  noteworthy s i n c e  
t h e  1982 RTCA Jackson Award w a s  p resented  t o  Joseph F i sche r  f o r  h i s  
t h e s i s  supported by J o i n t  Univers i ty  Program. H i s  paper repor ted  t h e  
des ign  of the Loran r ece ive r  t h a t  w a s  a p r e r e q u i s i t e  t o  M s .  Ogur i ' s  work 
wi th  the  RNAV. Importantly,  both of t hese  i n d i v i d u a l s  have taken jobs  i n  
t h e  avionics indus t ry  where t h e i r  experiences with the  J o i n t  Univers i ty  
Program is d i r e c t l y  app l i cab le .  
New work t h a t  w a s  begun i n  1983 included a c h a r a c t e r i z a t i o n  of 
pa th  d i f f e rences  f o r  naviga t ion  equipment using g r e a t  c i rc le  or  rhumb-line 
course  s t ee r ing  computations. Of major concern were t h e  f a c t o r s  t h a t  
c o n t r o l l e d  t h e  c ros s - t r ack  pa th  e r r o r s  and t h e  magnitude of t h e  e r r o r s  based 
on those  f ac to r s .  Rajan Kaul worked on a For t r an  s imula t ion  t h a t  pro- 
vided answers t o  t h e s e  ques t ions .  This model w i l l  be implemented i n  t h e  
O.U. Loran-C rece ive r  so t h a t  course s t e e r i n g  can be provided based on 
rhumb-line as w e l l  as g r e a t  circle.  This i s s u e  of rhumb-line ve r sus  g r e a t  
c i rc le  becomes s i g n i f i c a n t  f o r  s i t u a t i o n s  where veh ic l e s  using nav iga t ion  
systems based on these  d i f f e r e n t  course computation methods begin t o  mix. 
Additionally,  Kaul i s  developing a microcomputer implementation of a 
model of the e a r t h ' s  magnetic v a r i a t i o n  t o  be included i n  t h e  Ohio 
Un ive r s i ty  Loran-C r e c e i v e r  software. This model implementation w i l l  al low 
automat ic  inc lus ion  of t he  magnetic v a r i a t i o n  so t h a t  one less manual p i l o t  
e n t r y  is necessary. 
I n  order t o  f a c i l i t a t e  t h e  necessary  p i l o t  d a t a  e n t r y ,  a c o n t r o l  
d i sp l ay  un i t  (CDU) is being developed f o r  t h e  Ohio Un ive r s i ty  Loran-C 
rece ive r .  This CDU w i l l  have t h e  a b i l i t y  t o  n o t  on ly  p r e s e n t  and 
absorb d a t a  b u t  a l s o  t o  ac t  as a window on o t h e r  p o s s i b l e  senso r s  and 
information systems on t h e  a i r c r a f t .  Th i s  is s imi l a r  t o  t h e  EFIS 
(E lec t ron ic  F l i g h t  Ins t rumenta t ion  System) now a v a i l a b l e  f o r  some 
* .  
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a i r c r a f t .  The CDU i s  designed t o  allow easy  mod i f i ca t ion  of t h e  d a t a  
e n t r y  and d i s p l a y  s o  t h a t  new methods can b e  i n v e s t i g a t e d  wi th  very  
l i t t l e  s i g n i f i c a n t  changes. 
c a p a b i l i t y  of t h i s  receiver. 
Th i s  w i l l  c e r t a i n l y  provide t h e  necessary  
The major purpose of t h i s  work is very c l o s e  t o  being f u l l y  r ea l i zed .  
This purpose, aga in ,  i s  t o  provide a research t o o l ,  a r e c e i v e r ,  such t h a t  
engineers  i n t e r e s t e d  i n  examining Loran-C performance, u se fu lness ,  and 
o t h e r  p r o p e r t i e s  w i l l  have a f l e x i b l e ,  modi f iab le ,  and well-known p iece  of 
r ece iv ing  hardware. Indus t ry  w i l l ,  of course,  have t h e  oppor tuni ty  t o  
g l ean  from t h e  r ece ive r  system des igns  and products those  items which w i l l  
enhance t h e i r  products and make Loran-C a more e f f i c a c i o u s  naviga t ion  
system f o r  t h e  United States  a v i a t i o n  community and possibly those  com- 
muni t ies  wi th  marine and land interests.  
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